OBJECTIVE: To determine the most frequent food allergens causing immediate hypersensitivity reactions in Swiss children of different age groups and to investigate the clinical manifestation of IgE-mediated food allergies in young patients. PATIENTS AND METHODS: The study was a prospective analysis of children referred for assessment of immediate type I food hypersensitivity reactions. The diagnostic strategy included a careful history, skin prick tests with commercial extracts and native foods, in vitro determination of specific IgE to food proteins and food challenges when appropriate. A total of 278 food allergies were identified in 151 children with a median age of 1.9 years at diagnosis. RESULTS: Overall, the most frequent food allergens were hen's egg (23.7%), cow's milk (20.1%), peanut (14.0%), hazelnut (10.4%), wheat (6.1%), fish (4.3%), kiwi and soy (2.2% each). In infancy, cow's milk, hen's egg and wheat were the most common allergens. In the second and third year of life however, the top three food allergens were hen's egg, cow's milk and peanut, whereas above the age of 3 years, peanut was number one, followed by hen's egg and fish. Overall, urticaria (59.0%) and angioedema (30.2%) were the most frequent clinical manifestations. Gastrointestinal symptoms were found in 25.9% and respiratory involvement in 25.2%. There were 13 cases (4.7%) of anaphylaxis to peanut, fish, cow's milk, hen's egg, wheat and shrimps. CONCLUSIONS: A total of eight allergens account for 83% of IgE-mediated food allergies in Swiss infants and children, with differences in the distribution and order of the most frequently involved food allergens between paediatric age groups.
Introduction
Food allergies are most prevalent in children, particularly in infancy and pre-school age. A number of clinical signs are involved in food allergies ranging from mild cutaneous symptoms to life-threatening anaphylactic reactions. In young children, food allergies are usually acquired through contact of the allergen with the gastrointestinal mucosa. This can be regarded as a failure of oral tolerance induction. In adolescents and adults however, food allergies mainly develop as a consequence of sensitisation to inhalant allergens, for example birch pollen in Europe (pollenfood-related syndrome). The immunological basis of this phenomenon is IgE cross-reactivity due to a high homology in structure and amino acid sequence between certain foods and inhalant allergens [1, 2] . Although any food protein can induce an allergic reaction, just a relatively limited number of foods are responsible for the majority of food hypersensitivity reactions in children worldwide [3, 4] . The prevalence of food allergies and the distribution of allergens depend on nutritional habits as well as methods of food preparation in individual populations studied and on the introduction of new allergenic foods early in life. In the United States, there is a high prevalence of peanut allergy [5] , whereas soy, cow's milk and hen's egg are the most frequent food allergens in Japan [6, 7] , and in France, there are more allergies to mustard than in other countries [8] . In Portugal and Spain frequent food allergens are fish [9] , in Italy seafood and cow's milk [10] , and in Scandinavia tree nuts [11] . In Singapore the bird's nest allergy is the most common [12] , whereas sesame seed allergy is frequent in Israel [13] . In this prospective study, we aimed to describe the most common foods that are responsible for allergic reactions in Swiss children of different age groups. Furthermore we investigated the clinical manifestations of IgE-mediated traditional type I food allergies in occurrence with sensitisation to food allergens through the gastrointestinal tract.
Patients and methods

Study population
The current study was a prospective analysis of 151 patients (101 boys, 50 girls). Individuals included were consecutively referred from 2004 to 2006 for assessment of suspected immediate type allergic reactions to foods. Three age groups were defined: group 1 included infants from 0 to 12 months, group 2 included young children from 13 to 36 months and group 3 included children above 36 months to 16 years of age. The study was performed at the Allergy Units of the Children's Hospitals of Aarau and Lucerne, Switzerland. All patients included in the study had a persuasive history of immediate allergic reaction occurring within 2 hours after food ingestion. We did not include children with atopic dermatitis who either had no history of acute onset of allergic symptoms after food ingestion, or a history of delayed allergic reaction to the suspected food, regardless of whether or not they were sensitised to food protein in a skin prick test and/or ImmunoCAP. However, atopic dermatitis per se was not an exclusion criterion. We included children sensitised to food allergens and with evidence of IgE-mediated allergic reaction, such as exacerbation of atopic dermatitis with rash or severe itching, within 2 hours after food ingestion. Since this paper was centred on the evaluation of traditional type I food allergies, we excluded individuals with pollen associated oral allergy syndrome to fruit and vegetables (localised to the oral mucosa as oral irritation, tongue swelling and itching, palatal itching and lip tightness or swelling) occurring within a few minutes after eating fruit or vegetables concomitant to pollen sensitisation.
Methods
Diagnosis of a food allergy was based on a careful clinical history including possible causal foods, quantity ingested, time course of reaction and reaction consistency. Skin prick tests (SPT) with a panel of commercial extracts were performed in the majority of the cases, but were avoided in cases with severe atopic dermatitis or cases treated with antihistamines or steroids. In addition, prick-to-prick tests were carried out with the suspected allergen using native food. Positive results were confirmed with in vitro determination of specific IgE antibodies to food proteins. The diagnosis of food allergy was confirmed when the clinical history clearly correlated to test results. Oral food challenges (OFC) were performed in patients with inconclusive correlation between history and test results. A positive OFC confirmed a diagnosis of food allergy [14] . In chil-
Figure 1
Flow chart for the diagnosis of a food allergy.
dren with suggestive IgE-mediated food allergies to cow's milk, hen's egg, peanut and fish, OFC were only performed if the food-specific IgE level was below the diagnostic decision point of 95% probability of symptomatic food allergy (95% positive predictive value, PPV) established by Sampson et al for these four food allergens [15, 16] . In case of suspected allergies to other food allergens without established diagnostic decision points of 95% PPV, OFC were performed regardless of the food-specific IgE level. OFC were not performed in children with a suggestive history of anaphylactic reaction linked to the food and in cases with sensitisation to peanut and nuts, when children were younger than 3 years of age. Figure 1 illustrates the diagnostic work-up of suspected food allergies in a flow chart. Diagnosis of anaphylaxis was based on a history of food ingestion followed by a grade III or IV systemic allergic reaction affecting the respiratory tract and/or cardiovascular system according to the criteria of Müller [17] , in addition to cutaneous symptoms, positive SPT and/or an increase in specific IgE antibodies to the suspected food allergen.
Skin prick tests (SPT)
Patients were tested with a panel of commercial allergens (Soluprick SQ, ALK-Abello, Hoersholm, Denmark). This included cow's milk, hen's egg, hazelnut, peanut, soy, cod's fish, wheat, grass pollen, birch pollen, cat dander and house dust mites. Other foods were used for skin prick tests, as appropriate. Native foods were used for prick-to-prick testing according to the child's history. In prick tests, a drop of an allergen was placed on the skin over the flexor aspect of the forearm. A calibrated lancet was used to prick the skin through the drop. After 10 to 15 minutes the size of the observed wheal was compared with that induced by histamine. The child was regarded as being sensitised if the wheal size was more than 3 mm in diameter, compared to the negative normal saline control. The prick-to-prick technique was used for testing with native foods. Here, the lancet was passed through the native food and then pricked to the skin.
Serum IgE
Specific IgE was measured using the ImmunoCAP specific IgE test (Phadia, Uppsala, Sweden). A child was regarded as being sensitised to a particular food allergen if the amount of specific IgE antibodies was more than 0.7 kU/I (CAP-class 2 and more) [3, 18] .
Food challenge
The food to be tested was avoided for at least two weeks before OFC and antihistamines/steroids were withdrawn. A small amount of the food allergen was given to the patient. Approximately every 20 minutes, an increasing concentration of the food allergen was given. If a significant reaction occurred, including cutaneous symptoms (urticaria, angioedema), gastrointestinal symptoms (nausea, abdominal pain, vomiting, diarrhoea), respiratory symptoms (cough, wheezing, dyspnea), upper airway symptoms (rhinoconjunctivitis, laryngeal oedema, stridor) or cardiovascular symptoms (hypotonia, tachycardia), the challenge was aborted and the patient was considered allergic to the specific food allergen. If the patient could tolerate a full serving of the food allergen, the challenge was finished and the child was considered not allergic to that food. After the last dose of food, patients were observed for any reaction for two hours. If necessary, allergic reactions occurring during the challenge were treated with oral antihistamines and corticosteroids. Only symptoms that developed within a few minutes to two hours from the last dose of the food challenge were used for the diagnosis [19, 20] .
Results
A total of 278 IgE-mediated food allergies were diagnosed in 151 children according to the flow chart shown in figure 1. The majority of patients (68%) included in the study were evaluated by both SPT and ImmunoCAP, with 12% only evaluated by SPT and 20% only by ImmunoCAP. Most children (58.3%) presented with allergy to a single food, where 41.7% of individuals had multiple food hypersensitivities (table 1) . In the majority of the cases (n = 235, 85%), diagnosis was based on a clear correlation between history of immediate allergic reaction and positive SPT and/or increased specific IgE levels to the suspected food. In 20 cases (7%), diagnosis was confirmed by a positive OFC, because the correlation between history and test results was inconclusive. Furthermore, in 23 cases (8%) with questionable correlation between history and test results, the diagnosis of food allergy was based on the high specific IgE levels to either cow's milk, hen's egg, peanut or fish, where diagnostic decision points were established (>95% PPV) to predict symptomatic food allergy. Overall, the most prevalent food allergen was hen's egg, followed by cow's milk, peanut, hazelnut, wheat, fish, kiwi and soy in descending order. These eight allergens accounted for 83.1% of food allergies in Swiss infants and children. Table 2a ) summarises the top 8 food allergens in frequency of allergic reactions for the entire study population. In table 2b) a wide variety of other food allergens is de- Median age (years) at diagnosis of IgE-mediated allergy to most common foods.
scribed which accounted for the other 16.9% of allergic reactions. There were differences however in the order of most common food allergens among the three individual age groups. In infancy (group 1), cow's milk was number one, followed by hen's egg and wheat. Interestingly, peanut and hazelnut are already common allergens triggering hypersensitivity reactions in the first 12 months of life. In the second and third year of life (group 2), cow's milk is just second to hen's egg, and other food allergens like fish and sesame seed newly appear in the list of top 8 food allergens. Beyond the age of 3 years (group 3), peanut is the most frequent food allergen, and fish rises to number 3 after hen's egg (table 3) . There were significantly more boys (n = 101) than girls (n = 50) in the study population. Overall, the median age at diagnosis of food allergy was 1.9 years (mean age 3.0) with a range from 3 months to 15 years. In boys however, diagnosis of food allergy was made at a younger age (1.8 years) than in girls (2.4 years). Figure 2 shows the median age at diagnosis of allergy to individual foods. Allergic reactions to wheat, cow's milk and hen's egg occurred early in life. In the older age groups, these three allergens were less frequently implicated in food hypersensitivity reactions. Other allergens like peanut, hazelnut and fish accounted for an increasing relative number of allergic reactions to foods as children got older ( fig. 3) . Skin symptoms like urticaria and angioedema were the most common clinical manifestations of food allergy in children of each age group. Gastrointestinal symptoms such as diarrhoea, vomiting and abdominal pain, and respiratory symptoms like cough, dyspnoea and wheezing, were other frequent symptoms in our study population (table 4) . There were no significant differences in the pattern of clinical reactions neither between children of different age groups nor to individual allergens (data not shown). Overall, anaphylaxis as a clinical manifestation of food allergy occurred in 13 (4.7%) of the 278 cases included in this study. Of the 13 anaphylactic reactions, 3 each occurred after ingestion of peanut and fish, 2 each after ingestion of cow's milk, hen's egg and wheat and 1 after ingestion of shrimps.
Discussion
This study was a prospective analysis of 278 IgE-mediated food allergies in children of three different age groups. The study focused on traditional type I food allergies in occurrence with IgE-mediated sensitisation to food allergens through the gastrointestinal tract. We excluded individuals with only sensitisation (positive SPT and/or increased food-specific IgE levels) and without evidence of clinical * One case of allergy was reported for each of the following foods: curry, carrot, chickpea, pumpkin, mango, melon, para nut, pine seed, rye flour, tomato and courgette. of most allergenic food proteins inducing hypersensitivity reactions changes in relation to the children's age. A number of studies has shown that the distribution of allergens involved in food allergies in children vary from country to country according to individual dietary practices [5] [6] [7] [8] [9] [10] [11] [12] [13] . In Mediterranean countries, fish and seafood are already common allergens in very young subjects [9, 10] .
In the United States a peanut allergy is frequent [5] , and in France there are more allergies to mustard than in other countries [8] . A recurrent finding of these papers was the limited number of allergens accounting for the majority of food allergies.This needs to be considered when assessing children with suspected food allergies. Therefore, individual panels of food allergens should be set up for skin testing in children according to the subject's age and nationality. In our patients, the diagnosis of food allergy was confirmed at a median age of 1.9 years. This is in accordance with epidemiological studies reporting the highest prevalence of food allergies in children less than 3 years of age [1, 2] . Allergies to cow's milk, hen's egg and wheat in our study were most frequent in infants. As demonstrated in fig. 3 ), the prevalence of these three food allergens decreases in older children, most rapidly for cow's milk allergy. This can be explained by development of tolerance to these common food allergens in a majority of children by the age of 3 to 5 years [1, 2] . However, other allergens like peanut, tree nuts and fish are becoming more frequent triggers of hypersensitivity reactions in older children due to their introduction later in the child's life ( fig. 3) . Furthermore, development of clinical tolerance to these food allergens is rare [21, 22] . In contrast to studies from other countries [5] [6] [7] [8] [9] [10] [11] [12] [13] , our data shows that wheat is a frequent food allergen in Swiss infants and children below the age of 3 years. Early introduction of wheat-containing cereals is a common dietary practice in Switzerland. In addition to wheat, peanut and hazelnut are other common food allergens in Swiss infants. It can be hypothesised that this might be caused by early introduction of cereals, as well as sweets and spreads containing hazelnut and/or peanut. In addition, the use of peanut oil in medications such as creams or vitamin preparations [23] may be a risk factor for early sensitisation to peanut and subsequent allergy development after ingestion of peanut containing foods such as cereals or peanut butter.
Figure 3
Course of relative prevalence (%) of the predominant allergens implicated in food allergies according to age.
There was a significant gender difference with a 2:1 male predominance in our analysis of 151 affected children. Furthermore, the median onset of food allergies was earlier in boys (1.8 years) than in girls (2.4 years). A number of studies have shown that male sex is a risk factor for early sensitisation to food and aeroallergens [24] , for hypersensitivity reactions to foods [8, 9] , as well as for food induced anaphylaxis in childhood [25, 26] . The reason for male predominance in early sensitisation and hypersensitivity may be explained by sex-specific differences in immune response profiles in early childhood [27] .
Other studies demonstrate that after puberty however, female patients outnumber male subjects in the prevalence of IgE-mediated food allergies and in hospital admissions due to food-induced anaphylaxis [26, 28] . Our analysis of 278 food allergies did not show any significant difference in the pattern of clinical reactions to individual foods. Skin symptoms were the most frequent clinical hypersensitivity reaction in each age group and to all individual food allergens. There were 13 cases (4.7%) of anaphylaxis, and 6 of them (46%) occurred in infants below the age of 12 months. Food-induced anaphylaxis can occur very early in young children as described in other studies [26, 28] . This can be seen as a consequence of a high prevalence of food allergies in the first years of life.
In their survey of anaphylaxis, Liew et al. describe an increase in the rate of hospital admissions among children and adults due to food-induced anaphylaxis in the past 11 years. The observed increase was highest in young children between 0-4 years of age and with peanut as a causative allergen [28] . This data demonstrates the importance of early diagnosis, as well as the availability and use of adrenaline as an emergency medication even in the very young age group. A limitation of the present paper is that the children we studied may not have been completely representative of the local population since patients were referred to our Allergy Unit from paediatricians and general practitioners for evaluation of suspected food allergy. Furthermore, a significant number of children were directly recruited through the hospitals' emergency departments. Therefore, it can be hypothesised that the children included in this study represent a selected group of infants and young children with predominantly more severe food allergies. Furthermore it has to be emphasised that this study was not designed to define the prevalence of food allergies in Swiss children. The scope of this paper was to investigate the clinical manifestation and distribution of allergens most frequently involved in confirmed type I food allergies. In summary, IgE-mediated food hypersensitivity presents with a wide spectrum of clinical reactions. Acute urticaria and angioedema are the most frequent symptoms of IgEmediated food allergies in all paediatric age groups. Lifethreatening allergic reactions however may occur even in the very young age group. This study found that eight allergens account for 83% of IgE-mediated food allergies in Swiss infants and children. The hierarchy of most frequently involved allergens changes in relation to an individual's age, with cow's milk being number one in the first 12 months of life, hen's egg in the second and third year, and peanut in children above the age of 3 years. 
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